In the power module products, insulated materials, such as the insulated sheet used for them, are asked for high heat dissipation along with achievement of downsizing and high efficiency of the electronic equipment.
Introduction
As global warming progresses, the technology of reducing environmental load is searched for. Power electronics is the technology of converting electric AC-DC or electric frequency etc. quickly and efficiently. It is indispensable technology in order to use resources and energy highly for environmental protection.
In recent years, the demand for energy saving and higher-performance increases in power modules. In these power electronics product, higherperformance and miniaturization progress remarkably, and the heat generated from an inside has been increasing. For this reason, how heat is efficiently emitted to the exterior of apparatus has been the serious subject which determines the performance and life of apparatus. Therefore, heat dissipation technology serves as a very important element [1, 2] . Conventionally, the ceramic board which has the excellent insulation and high thermal conductivity, such as nitride aluminum (AlN) is used for the insulated board which mounts a power device. However, these ceramic boards are inferior to processability or adhesiveness, and comparatively expensive. On the other hand, the resin insulation board using the insulated sheet which compounded the thermally conductive filler with the epoxy resin as the insulated layer is excellent in processability and adhesiveness with metal material, but the thermal conductivity is low. Therefore, development which improves the thermal conductivity of the insulated sheet is discussed.
Experiment

Materials and preparation of samples
The BN filler content was varied from 50 to 70% by volume. The sheet sample was formed at 180℃ for 1 hour by the pressure of 19.6MPa. As BN filler, the flake-like BN particle and the aggregated BN particle were used.
Measurements
The heat resistance for every sample thickness was measured by the steady method, and the inclination was asked for the thermal conductivity of the thickness direction. The sample thickness of the thermal conductivity measurement was changed from 200 μm to 800 μm.
It asked for the specific gravity of a sheet sample by the Archimedes method. Moreover, the specific gravity ratio was calculated from the following formulas.
Specific gravity ratio=(measurement specific gravity of the ample:ρ s ) / (theoretical specific gravity of the sample: ρ t ) ×100 (%)
Here, the theoretical specific gravity of the sample set the specific gravity of the resin to 1.2 and that of BN to 2.27 was calculated from the volume ratio.
The orientation of BN particle in a sheet was evaluated using X-ray diffraction (RINT2500: Rigaku). X-rays were irradiated at the sheet filled up with BN, and the orientation degree of BN particle in the sheet sample was quantified from the strength ratio of each crystal side. That is, the value which broke the intensity of (100) of a crystal side by intensity of (002) was made into the orientation degree.
The breakdown voltage of the insulated sheet was measured using voltage examination equipment (D509: Mitsubishi Cable Industries, LTD). Measurement was carried out by the method of raising voltage in step by 0.5kV in one minute.
Results and discussion
3.1 Improvement of thermal conductivity of resin insulation composite material As the thermally conductive filler blended with the resin insulation composite materials which consists of the epoxy resin, silica (SiO 2 ) and alumina (Al 2 O 3 ) etc. are generally used. In the use asked for higher heat dissipation performance, the boron nitride (h-BN) that has high thermal conductivity, the excellent electric insulation and the chemical stability is used [3] [4] [5] [6] . When the composite materials were filled up with alumina or BN (flakelike form) as the thermally conductive filler, the relation of the thermal conductivity (thickness direction) and filler content is shown in Fig. 1 . In the resin composite materials filled up with alumina as the thermally conductive filler, the thermal conductivity increased with an increase in filler content. With 75vol% filler, the thermal conductivity of the resin composite material has improved to about 4W/(m･K). On the other hand, in the resin composite materials filled up with flakelike BN particles of high thermal conductivity, the thermal conductivity of the thickness direction improved compared with the system filled up with alumina as shown in Fig.1 . The thermal conductivity of the composite material showed 6W/(m･K) in the 50vol% of BN content. And when filled up with flake-like BN particles to 67vol%, thermal conductivity of the thickness direction improved to 10W/(m ･ K). Then, the addition of more than 70vol% of the flake-like BN particles reduced the thermal conductivity of the composite materials. Here, this flake-like BN particles forms hexagonal crystal structure, and has anisotropy in thermal conductivity [7] . That is, the thermal conductivity of the field direction where a crystal grows is high, and the thermal conductivity of the thickness direction which is a direction perpendicular to a crystal is lower than that of the field direction about 2 figures. The SEM photograph of the section of the insulated layer filled up with the flake-like BN particles is shown in Fig. 2 . The flake-like BN particles orient in the field direction at the pressing process of the composite materials as shown in Fig. 2 . Therefore, even if highly filled up with the flake-like BN particles, the great improvement with the thermal conductivity of the thickness direction was not obtained. In order to reveal the cause of the decrease of the thermal conductivity in the high content of the flake-like BN particles, the specific gravity of these materials was measured and the specific gravity ratio was calculated. The result is shown in Fig.3 . The specific gravity ratio showed 99% or more until the BN content reached to 67vol%. This indicated that the void does not exist in the insulated layer. On the other hand, the specific gravity ratio of the resin composite materials in the BN content beyond 70vol% decreased greatly. This shows that the void existed in the insulated layer. Much addition of BN particles leads to the generation of void in the insulated layer of the composite materials, which causes the decrease in thermal conductivity and electric insulation. In Fig.1 , the decrease of the thermal conductivity with addition of more than 70vol% of the flake-like BN particles seems to be responsible for the generation of void in the insulated layer.
Then, the technique of improving the thermal conductivity of the thickness direction was examined by blending the aggregated BN particles formed from the flake-like BN particles to the resin composite materials. It is guessed that the aggregated BN particle consists of flake-like BN particles with various directions has isotropic thermal conductivity. If this aggregated BN particles were blended to the resin composite materials, as shown in Fig. 4 , the orientation of the BN particles to the field direction in the insulated layer can be controlled. Here, the orientation degree of the BN particles in the insulated layer of the composite materials can be quantified from the X-ray diffraction. The aggregated BN particle and the flake-like BN particle were blended into the resin composite material, the combination rate was changed and the orientation degree of BN particles was adjusted. The relation between the orientation degree of BN particles and the thermal conductivity of the thickness direction is shown in Fig.5 . The values (△□○ in Fig. 5 ) of the system filled up with flake-like BN particles were also shown as comparison. Consequently, in the system filled up only with the flake-like BN particles, even if the BN content increases from 50vol% to 70vol%, the great improvement in the thermal conductivity of the thickness direction was not obtained because the flake-like BN particles oriented in the field direction in the insulated layer. On the other hand, when the aggregated BN particles were blended and the orientation to the field direction of BN particles was controlled, the thermal conductivity of the thickness direction of the insulated layer was improved greatly also at the same BN content. As for thermal conductivity, when the BN content was 50vol%, the high value with about 16W/(m･K) was acquired. In  Fig.6 , relationship between BN content and the thermal conductivity of the thickness direction is shown. When the aggregated BN particles was blended into the resin composite material, compared with the system filled up only with the flake-like BN particles, the thermal conductivity of the thickness direction was improved remarkably. If the BN content was raised to 55vol% in the system which blended these aggregated BN particles, the thermal conductivity of the thickness direction has realized more than 18W/(m･K).
Moreover, the electric insulation of the resin composite material filled up with these aggregated BN particles was evaluated. The result is shown in Fig. 7 . Consequently, the breakdown electric field of the resin composite materials filled up with BN filler showed the stable value of 50kV/mm, irrespective of BN content and particle form, such as the flake-like or aggregated. These are considered that the electric insulation is securable by the material design of voidless which took packing nature into consideration for every filler kind.
As mentioned above, the thermal conductivity was able to be greatly improved in low BN content by the orientation control of BN particles with anisotropy in thermal conductivity. Thus, the resin composite material with easy forming and the thermal conductivity which is equal to ceramic material, such as alumina, was obtained.
3.2 Application to the power module of the resin insulation composite material with high thermal conductivity As the preceding chapter described, the high heat dissipation technology of the resin insulation composite material has been improving. The transfer-molded power module (T-PM) of the novel structure which applied the insulated sheet with high thermal conductivity was developed [8] [9] . The structure of T-PM is shown in Fig.8 . Unlike the conventional module structure, T-PM arranges the insulated sheet with high thermal conductivity on the outside of a heat-spreader. The heat generated with the power tip was extended in the direction of a plane by this heat-spreader (H.S.), and heat dissipation area was increased. The resin insulation composite material was applied to this insulated sheet.
The heat resistance ratio of the previous T-PM to heat resistance of the case type module is shown in Fig. 9 . Thermal resistance of the previous T-PM was approximately 25% higher than the conventional case type module. As shown in Fig. 9 , this is because the heat resistance ratio of the insulated sheet is large in the previous T-PM. Then, to improve previous T-PM thermal performance, the thermal conductivity of the insulated sheet was improved to decrease the largest portion of thermal resistance in Fig.9 . Heat resistance of T-PM when changing the relative value of the thermal conductivity of the insulated sheet is shown in Fig.10 . Heat resistance of the conventional case type module was also shown for comparison. Consequently, the heat resistance (θj-c, Fig.8 ) of T-PM decreased with increase in the thermal conductivity of the insulated sheet. When the thermal conductivity of the insulated sheet was increased 3 times to that of the insulated sheet applied to previous T-PM, heat resistance of T-PM decreased 35%. In order to obtain same thermal resistance θj-c as the conventional case type module, the thermal conductivity of the insulated sheet is necessary to increase to 1.5 times as previous one. And if the thermal conductivity of the insulated sheet increases by 3 times to that of previous insulated sheet, thermal resistance (θj-c) of module became 20% lower than the conventional case type.
Thus, when novel T-PM structure module which applied the insulated sheet was developed and the thermal conductivity of the insulated sheet was improved, the module with the high heat dissipation performance which exceeds the case type module using the AlN board has been developed.
Conclusion
For the purpose of improvement in the heat dissipation nature of the resin insulation composite material, influence of the orientation of BN particles to heat dissipation and insulation of the insulated sheet was discussed. The following results were obtained.
(1) In the system filled up only with the flake-like BN particles, though the thermal conductivity improved with increase in BN content, great improvement in the thermal conductivity of the thickness direction was not obtained because the flake-like BN particles oriented in the field direction in the insulated layer. (2) If orientation of BN particles is controlled by blending the aggregated BN filler, the thermal conductivity of the thickness direction can be greatly improved with lower filler content. The value of thermal conductivity is 18W/(m･K), and attained the thermal conductivity of the ceramic material level. (3) The breakdown electric field of the insulated sheet filled up with BN filler showed the stable value of 50kV/mm, irrespective of BN content and particle form, such as a flake-like or aggregated. (4) The novel T-PM structure module which applied the resin insulation composite material with the high heat conduction to the insulated sheet indicates excellent heat dissipation performance which exceeds the case type module using the AlN board.
